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1. 

MEMORY CELLS, NON-VOLATILE 
MEMORY ARRAYS, METHODS OF 

OPERATING MEMORY CELLS, METHODS 
OF WRITING TO AND READING FROMA 
MEMORY CELL, AND METHODS OF 
PROGRAMMING A MEMORY CELL 

TECHNICAL FIELD 

Embodiments disclosed herein pertain to memory cells, to 
non-volatile memory arrays, to methods of operating memory 
cells, to methods of writing to and reading from a memory 
cell, and to methods of programming a memory cell. 

BACKGROUND 

Memory is one type of integrated circuitry, and is used in 
computer systems for storing data. Such is typically fabri 
cated in one or more arrays of individual memory cells. The 
memory cells might be volatile, semi-volatile, or non-vola 
tile. Non-volatile memory cells can store data for extended 
periods of time, and in many instances when the computer is 
turned off. Volatile memory dissipates and therefore is 
required to be refreshed/rewritten, and in many instances 
multiple times per second. Regardless, the Smallest unit in 
each array is termed as a memory cell and is configured to 
retain or store memory in at least two different selectable 
states. In a binary system, the storage conditions are consid 
ered as either a “0” or a “1”. Further, some individual memory 
cells can be configured to store more than two bits of infor 
mation. 

Integrated circuitry fabrication continues to strive to pro 
duce Smaller and denser integrated circuits. Accordingly, the 
fewer components an individual circuit device has, the 
smaller the construction of the finished device can be. Likely 
the smallest and simplest memory cell will be comprised of 
two conductive electrodes having a programmable material 
received there-between. Example materials include metal 
oxides which may or may not be homogenous, and may or 
may not contain other materials therewith. Regardless, the 
collective material received between the two electrodes is 
selected or designed to be configured in a selected one of at 
least two different resistance states to enable storing of infor 
mation by an individual memory cell. When configured in one 
extreme of the resistance states, the material may have a high 
resistance to electrical current. In contrast in the other 
extreme, when configured in another resistance state, the 
material may have a low resistance to electrical current. Exist 
ing and yet-to-be developed memory cells might also be 
configured to have one or more additional possible stable 
resistance States in between a highest and a lowest resistance 
state. Regardless, the resistance state in which the program 
mable material is configured may be changed using electrical 
signals. For example if the material is in a high-resistance 
state, the material may be configured to be in a low resistance 
state by applying a Voltage across the material. 
The programmed resistance state is designed to be persis 

tent in non-volatile memory. For example, once configured in 
a resistance state, the material stays in Such resistance state 
even if neither a current nor a Voltage is applied to the mate 
rial. Further, the configuration of the material may be repeat 
edly changed from one resistance state to another for pro 
gramming the memory cell into different of at least two 
resistance states. Upon such programming, the resistance 
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2 
state of the material can be determined by appropriate signals 
applied to one or both of the two electrodes between which 
the material is received. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic sectional view of a memory cell in 
accordance with an embodiment of the invention. 

FIG. 2 is a diagrammatic sectional view of a memory cell in 
accordance with an embodiment of the invention. 

FIG.3 is a diagrammatic sectional view of a memory cell in 
accordance with an embodiment of the invention. 

FIG. 4 is a diagrammatic sectional view of a memory cell in 
accordance with an embodiment of the invention. 

FIG.5 is a diagrammatic sectional view of a memory cell in 
accordance with an embodiment of the invention. 

FIG. 6 is a diagrammatic sectional view of a memory cell in 
accordance with an embodiment of the invention. 

FIG. 7 is a diagrammatic sectional view of a memory cell in 
accordance with an embodiment of the invention. 

FIG. 8 is a diagrammatic sectional view of a memory cell in 
accordance with an embodiment of the invention. 

FIG. 9 is a diagrammatic schematic of a portion of a non 
Volatile memory array in accordance with an embodiment of 
the invention. 

FIG.10 is a diagrammatic sectional view as would be taken 
along WL2 and through BL2, BL3, and BL4 of an example 
circuit construction in one programmed State in accordance 
with an embodiment of the invention. 

FIG.11 is view of the FIG.8 circuit in another programmed 
state in accordance with an embodiment of the invention. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

One embodiment of the invention is a method of operating 
a memory cell which uses different electrodes to change a 
programmed State of the memory cell than are used to read the 
programmed State of the memory cell. In one embodiment, a 
method of writing to and reading from a memory cell uses 
first and second opposing electrodes to read from the memory 
cell and uses third and fourth opposing electrodes to write to 
the memory cell, where the first, second, third and fourth 
electrodes are different electrodes. Existing or yet-to-be 
developed memory cells might be usable in practice of the 
above-described methods. Embodiments of the invention 
also include memory cells independent of operation. Accord 
ingly, methods as described herein are not necessarily limited 
by memory cell or memory array construction, and memory 
cell and memory array construction are not necessarily lim 
ited to or by methods of operation. 
Example memory cells which may be operated in accor 

dance with the above methods, as well as other methods 
which may or may not be disclosed herein, are described 
initially with reference to FIGS. 1-6. FIGS. 1 and 2 depict a 
memory cell 10 in two different programmed states, with 
FIG. 1 being a high resistance state and FIG. 2 being a low 
resistance State. More than two resistance states may be used. 
Regardless, the FIG.1 circuit construction may be considered 
as an embodiment of the invention and the FIG. 2 circuit 
construction may be considered as an embodiment of the 
invention. 

Referring to FIG. 1, memory cell 10 comprises a pair of 
opposing conductive electrodes 12 and 14. In one embodi 
ment, electrodes 12 and 14 may be considered as first and 
second conductive electrodes. Regardless, electrodes 12 and 
14 may be fabricated of any one or more suitable conductive 
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materials. Such as elemental metals, alloys of elemental met 
als, conductive metal compounds, and/or conductively doped 
semiconductive material. In one embodiment, electrodes 12 
and 14 are rectangular in cross section and have respective 
inwardly opposing faces which are planar and parallel rela 
tive one another. Alternately shaped and oriented electrodes 
may be used, for example shapes which do not provide planar 
parallel opposing faces relative to one another, and including 
non-planar faces. FIGS. 1 and 2 also illustrate an example 
embodiment wherein the conductive electrodes entirely over 
lap one another. Alternately, a partial overlapping construc 
tion may be used. 
A material 16 is received between first and second oppos 

ing electrodes 12 and 14. Such may be homogenous or non 
homogenous at least in the FIG. 1 programmed State. Regard 
less, material 16 may be considered as having two laterally 
opposing edges 18, 20. In one embodiment, material 16 com 
prises resistance Switchable material. In one embodiment, 
material 16 consists essentially of resistance switchable 
material which is in physical touching contact with one or 
both of conductive electrodes 12 and 14. As an alternate 
example, one or more additional materials may be received 
elevationally between a resistance switchable material and 
either of conductive electrodes 12 and 14. Such intervening 
material may or may not be homogenous. Regardless and by 
way of example, a diode or other functional device or attribute 
may be provided elevationally intermediate the resistance 
switchable material and the conductive electrodes. 

Material 16 comprises first lateral region 22 and second 
lateral region 24 which are of different composition relative 
one another. One of the first and second lateral regions is 
received along one of the two laterally opposing edges of 
material 16, and another of the first and second lateral regions 
is received along the other of the two laterally opposing edges 
of material 16. In the embodiment of FIGS. 1 and 2, first 
lateral region 22 is received along edge 18 and second lateral 
region 24 is received along edge 20. Regardless, lateral 
regions 22 and 24 may or may not have the same lateral width. 
Further, the lateral widths of regions 22 and 24 may be respec 
tively constant (as shown) or variable. Regardless, at least one 
of the first and second lateral regions is capable of being 
repeatedly programmed to at least two different resistance 
states. In the embodiments of FIGS. 1 and 2, only one of the 
first and second regions (first region 22) is capable of being 
repeatedly programmed to at least two different resistance 
States. 

In one embodiment, lateral region 22 comprises a resis 
tance Switchable material. In one embodiment, the resistance 
Switchable material has mobile dopants therein, and in one 
embodiment the mobile dopants are received within a dielec 
tric. In the context of this document, a “mobile dopant' is a 
component (other thana free electron) of a Surrounding mate 
rial that is movable to different locations within the surround 
ing material during normal device operation of repeatedly 
programming the device between at least two different static 
resistance states by application of a suitable electric field 
through the Surrounding material. Examples include atom 
vacancies in an otherwise Stoichiometric material and atom 
interstitials, including metal atoms or ions in glasses Such as 
chalcogenide materials. Specific example mobile dopants 
include oxygen atom vacancies in amorphous or crystalline 
oxides or other oxygen-containing material, nitrogen atom 
vacancies in amorphous or crystalline nitrides or other nitro 
gen-containing material, fluorine atom vacancies in amor 
phous or crystalline fluorides or other fluorine-containing 
material, and interstitial metal atoms or metal ions in amor 
phous or crystalline oxides or in silicon. Mobile dopants of 
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4 
material 16 are depicted diagrammatically by dots/stippling 
in the drawings. Density of the dots/stippling in a given area/ 
Volume in the drawings indicates degree of mobile dopant 
density, with more dots/stippling indicating higher mobile 
dopant density and less dots/stippling indicating lower 
mobile dopant density. More than one type of mobile dopant 
may be used as part of material 16. 

FIGS. 1 and 2 depict lateral region 22 as comprising mobile 
dopants and lateral region 24 as not comprising any mobile 
dopants. Alternately, second lateral region 24 may comprise 
mobile dopants which may be of the same type of mobile 
dopants as those in first lateral region 22, and regardless, may 
be of the same, lesser, or greater density than mobile dopant 
quantity/density within first lateral region 22. As but one 
example, mobile dopants might be present in region 24 in an 
insufficient quantity/density for programming Such region 
into different detectable resistance states in normal operation 
of the memory cell. FIG. 1 diagrammatically depicts first 
lateral region 22 and second lateral region 24 being defined by 
an idealized vertical wall there-between as a line of demar 
cation of presence of mobile dopants vs. no presence of 
mobile dopants. Alternately, such line of demarcation may be 
a lateral region of reducing/increasing density of mobile 
dopants, and/or such line may not be vertical. Regardless, in 
one embodiment, first lateral region 22 and second lateral 
region 24 are of the same composition but for quantity and/or 
type of mobile dopants therein which results in the inherent 
composition difference between first lateral region 22 and 
second lateral region 24. 
As example material of lateral region 22, example dielec 

trics in which mobile dopants may be received include suit 
able oxides, nitrides, and/or fluorides that are capable of 
localized electrical conductivity (to be described) based upon 
Sufficiently high quantity and concentration of the mobile 
dopants. The dielectric within which the mobile dopants are 
received may or may not be homogenous independent of 
consideration of the mobile dopants. Specific example dielec 
trics include TiO, Hf, ZrO, GeO, SiO, AlN, and/or 
MgF2. 

In one embodiment, the material of lateral region 22 that 
comprises oxygen vacancies as mobile dopants may com 
prise a combination of TiO, and TiO2 in at least one pro 
grammed State depending on location of the oxygen vacan 
cies and the quantity of the oxygen vacancies in the locations 
where Such are received. In such embodiment, lateral region 
24 may or may not comprise TiO, having lower density of or 
no oxygen vacancies in comparison to lateral region 22. 

In one embodiment, lateral region 22 that comprises nitro 
gen vacancies as mobile dopants may comprise a combina 
tion of AlN and AlN in at least one programmed State 
depending on location of the nitrogen vacancies and the quan 
tity of the nitrogen vacancies in the locations where such are 
received. In Such embodiment, lateral region 24 may or may 
not comprise AlN having lower density of or no nitrogen 
vacancies in comparison to lateral region 22. 

In one embodiment, lateral region 22 that comprises fluo 
rine vacancies as mobile dopants may comprise a combina 
tion of MgF2 and MgF2 in at least one programmed State 
depending on location of the fluorine vacancies and the quan 
tity of the fluorine vacancies in the locations where such are 
received. In Such embodiment, lateral region 24 may or may 
not comprise MgF2 having lower density of or no fluorine 
vacancies in comparison to lateral region 22. 

In one embodiment, the mobile dopants comprise alumi 
num atom interstitials in a nitrogen-containing material. In 
one embodiment, the mobile dopants comprise Cu atoms or 
ions in any of Hf, ZrO, GeO, and SiO. In one embodi 
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ment, the mobile dopants comprise Ag in amorphous silicon 
and/or chalcogen glasses (i.e., GeS and/or GeSe). 

Material 16 may be of any suitable thickness T and of any 
suitable lateral width W that may be dependent upon compo 
sition of Surrounding material Such as dielectric, upon com 
position of the mobile dopants, if present, within said Sur 
rounding material, and/or upon the quantity of mobile 
dopants present in said Surrounding material. Dimensions T 
and W, respectively, may be constant (as shown) or may be 
variable. Regardless, in one embodiment, the resistance Swit 
chable material has a minimum elevational thickness that is at 
least twice as great as its minimum lateral width. Example 
thicknesses Tinclude from about 50 nanometers to about 150 
nanometers, with an example width W being no greater than 
25 nanometers. In one embodiment where memory cell 10 is 
in the “off” or “0” state of FIG. 1, a very high electric field 
would be required in the T oriented direction for current to 
flow between opposing electrodes 12 and 14 upon application 
of suitable differential voltage to electrodes 12 and 14. In one 
embodiment, such required field is at least 50 megavolts/ 
meter, and in one embodiment is at least 500 megavolts/ 
meter. 

FIG. 1 depicts memory cell 10 in a high or highest resis 
tance state, while FIG. 2 depicts memory cell 10 in a low or 
lowest resistance state. Resistance switchable material 22 in 
the lowest resistance state of FIG. 2 comprises a conductive 
channel/filament 26 which is localized along only one of the 
two laterally opposing edges 18, 20 and extends toward and 
away from first and second electrodes 12 and 14. Conductive 
channel 26 may or may not contact at least one of conductive 
electrodes 12 and 14, with the embodiment of FIG.2 showing 
such conductive channel contacting each of first conductive 
electrode 12 and second conductive electrode 14. Regardless, 
conductive channel 26 may or may not be of constant lateral 
width along its length. FIG. 2 depicts an embodiment wherein 
conductive channel 26 is of constant lateral width along its 
length. As an example where channel/region 26 comprises 
oxygen vacancies as mobile dopants that are received in Sur 
rounding TiO, an overall average oxygen vacancy density 
greater than 5x10" vacancies/cm may render region/chan 
nel 26 electrically conductive. 

Conductive channel 26 may have constant conductivity per 
unit length of channel 26 between first and second electrodes 
12 and 14 (i.e. the same conductivity along all of the shortest 
straight-line distance between electrodes 12 and 14.) Such is 
exemplified in FIG. 2 by the depicted constant density of 
stippling within region 26 between electrodes 12 and 14. FIG. 
3 depicts an alternate embodiment low or lowest resistance 
state memory cell 10a. Like numerals from the above-de 
scribed embodiments have been used where appropriate, with 
some construction differences being indicated with the suffix 
“a”. In FIG. 3, conductive channel 26a has greater conduc 
tivity per unit length of channel 26a more proximate one of 
the first and second electrodes (i.e., electrode 12) than proxi 
mate the other of the first or second electrodes (i.e., electrode 
14). Such is exemplified in FIG. 3 by the depicted greater 
density of stippling proximate electrode 12 along some frac 
tional amount of the shortest straight-line distance within 
region 26a between electrodes 12 and 14 than proximate 
electrode 14 along the same fractional amount. 

FIGS. 2 and 3 depict embodiments wherein conductive 
channels 26 and 26a are each of Some respective constant 
lateral width along their lengths. 

FIG. 4 depicts an alternate embodiment low or lowest 
resistance state memory cell 10b where a conductive channel 
26b has variable lateral width. Like numerals from the above 
described embodiments have been used where appropriate, 
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6 
with some construction differences being indicated with the 
suffix "b". Additionally, FIG. 4 depicts an example embodi 
ment wherein a conductive channel 26b is narrower more 
proximate one of the electrodes than it is proximate the other 
of the electrodes. Further in such embodiment where, for 
example, conductivity is achieved or increases due to greater 
mobile dopant density, conductive channel 26b may have 
constant conductivity per unit length analogous to the 
embodiment of FIG. 2 as described above and as shown. 

FIG. 5 depicts an alternate embodiment low or lowest 
resistance state memory cell 10c where a conductive channel 
26c has variable lateral width. Like numerals from the above 
described embodiments have been used where appropriate, 
with some construction differences being indicated with the 
suffix 'c'. FIG. 5 depicts an example embodiment wherein 
conductive channel 26c has greater conductivity per unit 
length more proximate one of the first and second electrodes 
than proximate the other of the first or second electrodes 
analogous to the embodiment of FIG.3 as described above 
and as shown. Regardless, FIGS. 4 and 5 also depict embodi 
ments wherein the conductive formed channels have a respec 
tive tapered or wedge-like shape. The embodiments of FIGS. 
2-5 may be programmed back to the FIG. 1 state, or to some 
other state(s). 
The above-depicted embodiments show first and second 

lateral regions 22, 24 being of different composition relative 
one another in the programmed state of FIG. 1 and in the 
programmed states of FIGS. 2-5. FIG. 6 depicts an alternate 
example embodiment memory cell 10d (in a low or lowest 
resistance state) having a Substantially homogenous resis 
tance switchable material 16d that is capable of being repeat 
edly programmed to at least two different resistance states. 
Like numerals from the above-described embodiments have 
been utilized where appropriate, with some construction dif 
ferences being indicated with the suffix 'd''. Memory cell 10d 
of FIG. 6 may be programmed to a low or lowest resistance 
state which comprises a conductive channel (not shown) as 
described above in connection with the embodiments of 
FIGS. 2-5, and then programmed back to the FIG. 6 state, or 
to some other state(s). Accordingly, the embodiment of FIG. 
6 may also be repeatedly programmed between lower or 
lowest resistance states and higher or highest resistance 
States. 

In one embodiment, a method of programming a memory 
cell comprising a pair of opposing conductive electrodes hav 
ing resistance switchable material received there-between 
includes application of an electric field through the resistance 
switchable material. Such field is applied in a prevailingly 
laterally oriented direction to cause mobile dopants within the 
resistance switchable material to move laterally toward or 
away from one of the opposing lateral edges of the resistance 
Switchable material to change resistance between the pair of 
electrodes. A prevailingly laterally oriented direction does 
not have to be entirely lateral and accordingly may include 
other directional components in the field. The resistance swit 
chable material retains the changed resistance State after the 
applied electric field is removed. FIGS. 1-6, by way of 
example only, depict such embodiments wherein the pro 
grammed states of FIGS. 1 and 6 constitute one state, and the 
programmed states of FIGS. 2-5 constitute another respective 
different resistance state. 

In one embodiment, the application of the electric field 
comprises applying a Voltage differential across two addi 
tional conductive electrodes which are received laterally of 
opposing sides of the pair of opposing conductive electrodes, 
with the two additional conductive electrodes being electri 
cally insulated from the pair of opposing conductive elec 
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trodes at least during the application of the electric field. An 
example circuit capable of Such operation is diagrammati 
cally shown in a construction 30 in FIG. 7. Like numerals 
from the above-described embodiments have been used 
where appropriate, with differences being indicated with dif 
ferent numerals. Circuit construction 30 comprises memory 
cell 10 and two additional electrodes 34, 36 received within a 
dielectric material 32. In one embodiment, electrodes 34 and 
36 may be considered as third and fourth electrodes. Dielec 
tric material 32 may be homogenous or non-homogenous, 
with silicon dioxide being but one example. Conductive elec 
trodes 34 and 36 may be of the same or different compositions 
and constructions relative to each other and/or electrodes 12 
and 14. Example additional electrodes 34 and 36 are received 
laterally of opposing sides of conductive electrodes 12 and 14 
and laterally of opposing sides of material 16. FIG. 7 depicts 
an embodiment wherein conductive electrodes 34, 36 eleva 
tionally overlap thickness expanse T of resistance switchable 
material 16. Additionally in the FIG. 7 embodiment, conduc 
tive electrodes 34, 36 are elevationally coincident with thick 
ness expanse T of resistance switchable material 16. 

FIG.7 depicts an embodiment wherein an electric field has 
been applied to the memory cell embodiment of FIG. 1 to 
move the mobile dopants laterally toward edge 18 to form 
conductive channel 26. In one embodiment, the composition 
and lateral width of material 16 is chosen to enable a prevail 
ing laterally oriented electric field of no greater than 25 mega 
volts/meter to be used to repeatedly program memory cell 10 
between the example programmed state depicted by FIG. 1 
and that depicted by any of FIGS. 2-5 and 7. Such may be 
achieved by applying alternating differential read and write 
voltages across or between electrodes 34 and 36. 

The applied Voltages may be determined by a person of 
skill in the art, and will be impacted by the composition of 
material 32, composition of material 16, composition and 
quantity of mobile dopants therein, lateral thickness of mate 
rial 16, and/or distances of electrodes 34 and 36 from material 
16. In one embodiment, an example required prevailing lat 
erally oriented electric field to cause Suitable programming 
mobile dopant movement is no greater than 2 megavolts/ 
meter, and in one embodiment no greater than 0.5 megavolts/ 
meter. Regardless, the applied electric field need not be the 
same for writing towards one resistance state and back to the 
original resistance State. For example, and in one embodi 
ment, at least 0.3 megavolts/meter may be used laterally 
across material 16 to achieve the programmed state of FIGS. 
2 and 7, whereas programming from the FIGS. 2 and 7 state 
(or from a FIGS. 3-5 state) back to that of the FIG. 1 state may 
only require an electric field of 0.15 megavolts/meter. As an 
example, a positive Voltage of V72 may be applied to one of 
electrodes 34 or 36 and a negative voltage of V/2 applied to 
the other of electrodes 34 and 36 to change from one resis 
tance state to the other. The positive/negative relationship of 
Such applied Voltage could be reversed to program from the 
other to the one. Alternately or additionally, the voltages need 
not be of the same magnitude and/or need not be of different 
sign. Further and regardless, one or more differential write 
voltages for memory cell 10 associated with electrodes 34 and 
36 may be the same or different from a differential read 
voltage applied across or between electrodes 12 and 14. For 
example, a differential read voltage may be 2.5 volts wherein 
one or more differential write voltages may be on the order of 
5.0 Volts. Other programming and read voltages may of 
course be used. 

External Voltage may or may not be applied to one or both 
of electrodes 12 and 14 during application of the electric field 
through resistance Switchable material 16 in a prevailing lat 
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8 
erally oriented direction. In one embodiment, the opposing 
conductive electrodes 12 and 14 are pulled to substantially the 
same Voltage during application of such electric field. In one 
embodiment, each of the pair of opposing conductive elec 
trodes 12 and 14 is pulled to OV during application of such 
electric field. In one embodiment, no external Voltage is 
applied to the pair of opposing conductive electrodes during 
application of such electric field. In other words, voltage of 
the pair of opposing conductive electrodes in Such example 
may be allowed to float. 
As used herein, pulling a conductive electrode to a Voltage 

refers to causing the conductive electrode to be at or very 
close to the Voltage. The Voltage may be positive or negative 
and may have substantially any magnitude. In pulling a con 
ductive electrode to a voltage, it is to be understood that 
individual Voltages measured at various locations of the con 
ductive electrode might not be exactly the same due to, for 
example, the resistance of the conductive electrode itself. 
However, the individual voltages may be substantially the 
same since the individual Voltages may be as close to the 
Voltage as the physical limitations of the conductive electrode 
will allow. 

FIG. 8 depicts an alternate example embodiment circuit 
construction 30e. Like numerals from the above-described 
embodiments have been used where appropriate, with some 
construction differences being indicated with the suffix "e'. 
FIG. 8 depicts a construction 30e wherein additional conduc 
tive electrodes 34e and 36e are received elevationally away 
(meaning no elevational overlap) from resistance Switchable 
material 16. Alternately, some elevational overlap may occur. 
Application of an electric field to the embodiment of FIG.8 as 
described above in connection with FIGS. 4 and 5 may result 
in Such field being stronger more proximate conductive elec 
trode 12 than conductive electrode 14, and may result in a 
tapered or wedged-shaped conductive channel 26e analogous 
to conductive channel 26b in FIG. 4. Alternately and by way 
of example only, a conductive channel may form having the 
configuration of either of FIGS. 3 and 5. 
An embodiment of the invention encompasses writing to 

and reading from a cross point memory cell of an array of 
cross point memory cells. A portion of a non-volatile cross 
point memory array is indicated generally with reference 
numeral 40 in top view in FIG. 9. Such array includes a 
plurality of word lines WL1-WL4 and a plurality of bit lines 
BL1-BL4 crossing the plurality of word lines. The array 
further includes a plurality of memory cells M11-M44 rep 
resented symbolically by circles. The memory cells individu 
ally correspond to a different one of the crossings of the 
plurality of word lines and the plurality of bit lines relative to 
one another. For example, memory cell M12 corresponds to 
the crossing of WL1 and BL2 and memory cell M34 corre 
sponds to the crossing of WL3 and BL4. The portion illus 
trated in FIG. 9 may be a very small portion of the non 
volatile memory array. In addition to the word lines, bit lines, 
and memory cells illustrated in FIG. 9, the non-volatile 
memory array may include many word lines, bit lines, and 
memory cells. 

Although the word lines and bit lines of FIG. 9 are shown 
as being straight lines which orthogonally cross relative one 
another, other shapes and angles of intersection, whether 
existing or yet-to-be developed, may be used. The bit lines 
and word lines of FIG. 9 are diagrammatically and schemati 
cally shown in FIG. 9 as touching one another where such 
intersect, although Such would not be ohmically connected 
relative to the depicted intersection. 

In one embodiment, a method of writing to and reading 
from a cross point memory cell of array 40 includes writing to 
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a memory cell by applying a differential write Voltage 
between the two immediately adjacent bit lines which are on 
opposing lateral sides of the memory cell being written to. 
Reading from Such memory cell occurs by applying a differ 
ential read voltage between the crossing word line and the 
crossing bit line of Such memory cell and sensing current 
resulting from the applying of the read voltage. The two 
immediately adjacent bit lines may be electrically insulated 
from the memory cell. The differential read voltage and the 
differential write voltage may be the same or different from 
one another. Regardless, in one embodiment, the individual 
memory cells comprise resistance Switchable material 
received between the crossing word lines and bit lines. In such 
embodiment, the writing comprises Switching the resistance 
of the resistance switchable material between at least two 
different resistance states which statically remains in a pro 
grammed resistance state until programmed to a different 
resistance state. In one embodiment, the writing comprises 
causing mobile dopants within the resistance Switchable 
material to move laterally toward or away from one of oppos 
ing lateral edges of the resistance Switchable material. In one 
embodiment, the writing moves the mobile dopants toward 
the one lateral edge to form a conductive channel which is 
localized along the one lateral edge. In one embodiment 
where such a conductive channel exists, the writing moves the 
mobile dopants away from the one lateral edge to remove the 
conductive channel. 

FIGS. 10 and 11 depict example cross sectional circuit 
constructions of array 40 of FIG.9 as would be taken through 
line WL2 through BL2, BL3, and BL4. FIG. 10 depicts an 
example higher or highest resistance state for memory cell 
M23, while FIG. 11 depicts memory cell M23 at a lower or 
lowest resistance state. Such programmed States may be 
achieved, by way of example only, in connection with any of 
the programming methods (and resultant conductive chan 
nels) described above with respect to FIG. 8. Regardless, in 
producing the programmed State of FIG. 11, the writing may 
form the conductive channel to be of constant lateral width 
between the crossing word line and bit line of the memory 
cell, or to be of variable width (as shown). Any of the con 
ductive channel constructions of FIGS. 2-5, or some other 
conductive channel construction, may result, with the con 
struction of FIG. 4 being shown by way of example only. 

In one embodiment, no external Voltages are applied to the 
crossing word line WL2 and bit line BL3 of memory cell M23 
during the act of writing from either the FIG. 10 state to the 
FIG. 11 state, or from the FIG.11 state to the FIG.10 state, or 
between any other pair of States. In one embodiment during 
the writing, a Voltage is applied to at least Some other word 
lines other than the crossing word line (WL2) of the memory 
cell (M23) and that is different from any voltage that is 
applied to the crossing word line (WL2). In one embodiment, 
Such applying of the Voltage to at least some other word lines 
results in an electric field component directionally different 
from an electric field component resulting from applying of 
the differential write voltage. In one embodiment, such apply 
ing of the Voltage to at least Some other word lines prevents 
other memory cells associated with the other word lines from 
being written to by the differential write voltage. 

It may be desirable when writing to produce either or both 
of the FIG. 10 state or the FIG. 11 state (or any other state) to 
write only to a single memory cell which is received between 
example immediately adjacent bit lines BL2 and BL4 that are 
on opposing lateral sides of bit line BL3. Such may be 
achieved by assuring that any electric field applied to material 
16 of other memory cells is not prevailing in a laterally ori 
ented direction and/or is sufficiently weak if in a lateral direc 
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10 
tion to not cause the mobile dopants to laterally move while 
programming the one desired memory cell being pro 
grammed. Such may be accomplished, by way of example 
only, by application of a suitable differential Voltage across 
material 16 of all the other memory cells that are received 
between the immediately adjacent bit lines to which the pro 
gramming differential Voltage is applied. By way of example 
only, consider a case where it is desired to change the pro 
grammed state of memory cell M23 and no other memory cell 
between bit lines BL2 and BL4. To accomplish such, word 
line WL2 may be provided or held at OV while all of the other 
word lines WL1 and WL3-WLn are provided at some other 
suitable voltage which effectively applies an additional elec 
tric field component through material 16 in all memory cells 
but M23. For example, this additional electric field compo 
nent may be vertically oriented in the example depicted cross 
section whereby no resultant or combinational electric field 
prevails laterally sufficiently to cause mobile dopants to move 
laterally, or at least not to move laterally sufficiently to create 
a path of conductance. Thereby, memory cell M23 is pro 
grammed whereas the other memory cells between program 
ming bit lines BL2 and BL4 are not so programmed. 

Alternately by way of example, all memory cells between 
bit lines BL2 and BL4 may be programmed by providing each 
word line at OV or other suitable voltage during application of 
programming Voltage to bit lines BL2 and BL4. Alternately, a 
selected plurality other than all of the memory cells between 
bit lines BL2 and BL4 may be programmed depending in part 
upon Voltage potential applied to their respective crossing 
word lines WL. Regardless, in one embodiment, the writing is 
conducted simultaneously to multiple memory cells received 
between the pair of immediately adjacent bit lines which are 
conducting the programming. In one embodiment during 
writing, external Voltage is applied to at least Some other word 
lines other than the crossing word line of the particular 
memory cell being programmed and that is different from any 
Voltage that is applied to such crossing word line. 

Embodiments of the invention may include reading from a 
memory cell by applying a differential read voltage between 
the crossing word line and the crossing bit line of the memory 
cell and sensing current resulting from the applying of the 
read voltage. For example, reading may include applying a 
voltage using a voltage source 2 (FIG.9) between a word line 
and bit line, and sensing current resulting from the application 
of such voltage. Detection circuitry 4 may be provided to 
sense the current and may, based on the current, determine a 
resistance state in which the memory cell is in and therefore 
the value of data stored by the memory cell. For example, in 
one embodiment, Voltage source 2 may be connected to word 
line WL2 and detection circuitry 4 may be connected to bit 
line BL3 to determine the value of data stored by memory cell 
M23 by determining the resistance state of memory cell M23. 

In FIGS. 10 and 11, the field depends on voltage applied 
over distance. The net field in the horizontal or lateral direc 
tion is dependent on distances between or among BL2, BL3, 
and BL4. The field in the vertical direction depends on the 
distance between the BL and WL. The height (thickness) of 
the memory cell versus spacing between the cells may be 
optimized to result in maximum field in the lateral direction 
and minimize the chance of high field across any other cells 
(BL to WL) which could lead to undesirable high field across 
unselected cells. Additionally in a three-dimensional cross 
point array where there is a deck/level of memory cells both 
above and below the deck in which programming is occur 
ring, additional options may be used. For example, the decks 
above and below the deck being programming may be pro 
vided at Suitable opposite sign Voltages during programming. 
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An embodiment of the invention includes a non-volatile 
memory array comprising a plurality of word lines and a 
plurality of bit lines which cross the plurality of word lines. 
The array includes a plurality of memory cells which indi 
vidually correspond to a different one of the crossings of the 
plurality of word lines and the plurality of bit lines relative to 
one another. The memory cells individually comprise resis 
tance switchable material that is received between the word 
lines and the bit lines where such cross, and which is capable 
of being repeatedly programmed to at least two different 
resistance states. The resistance Switchable material of at 
least one of the memory cells comprises a conductive channel 
localized along only one of two laterally opposing edges of 
Such at least one memory cell and extends toward and away 
from the crossing word line and bit line. 

In compliance with the statute, the Subject matter disclosed 
herein has been described in language more or less specific as 
to structural and methodical features. It is to be understood, 
however, that the claims are not limited to the specific features 
shown and described, since the means herein disclosed com 
prise example embodiments. The claims are thus to be 
afforded full scope as literally worded, and to be appropri 
ately interpreted in accordance with the doctrine of equiva 
lents. 
The invention claimed is: 
1. A method of programming a memory cell comprising a 

pair of opposing conductive electrodes having resistance 
switchable material received there-between, comprising: 

applying an electric field through the resistance Switchable 
material in a prevailingly laterally oriented direction to 
cause mobile dopants within the resistance switchable 
material to move laterally toward or away from one of 
opposing lateral edges of the resistance Switchable 
material to change resistance between the pair of elec 
trodes, the resistance Switchable material retaining the 
changed resistance after said applied electric field is 
removed. 

2. The method of claim 1 wherein the applying of the 
electric field comprises applying a Voltage differential across 
two additional conductive electrodes received laterally of 
opposing sides of the pair of opposing conductive electrodes, 
the two additional conductive electrodes being electrically 
insulated from the pair of opposing conductive electrodes 
during the applying of the electric field. 

3. The method of claim 2 wherein the two additional con 
ductive electrodes across which said voltage differential is 
applied are received elevationally away from the resistance 
switchable material. 

4. The method of claim 2 wherein the two additional con 
ductive electrodes across which said voltage differential is 
applied elevationally overlap the resistance switchable mate 
rial. 

5. The method of claim 4 wherein the two additional con 
ductive electrodes across which said voltage differential is 
applied are elevationally coincident with the resistance Swit 
chable material. 

6. The method of claim 1 wherein the opposing conductive 
electrodes of the pair are pulled to substantially the same 
Voltage during said applying. 

7. The method of claim 6 wherein each of the pair of 
opposing conductive electrodes is pulled to OV during said 
applying. 

8. The method of claim 1 wherein no external voltage is 
applied to the pair of opposing conductive electrodes during 
said applying. 

9. A method of writing to and reading from a cross point 
memory cell of an array of cross point memory cells com 
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prising a plurality of word lines and a plurality of bit lines 
crossing the plurality of word lines, individual of the cross 
point memory cells comprising a different one of the cross 
ings of the plurality of word lines and the plurality of bit lines 
relative to one another, the method comprising: 

writing to a memory cell by applying a differential write 
voltage between the two immediately adjacent bit lines 
which are on opposing lateral sides of said memory cell; 
and 

reading from the memory cell by applying a differential 
read voltage between the crossing word line and the 
crossing bit line of the memory cell and sensing current 
resulting from the applying of the read voltage. 

10. The method of claim 9 wherein the two immediately 
adjacent bit lines are electrically insulated from the memory 
cell. 

11. The method of claim 9 wherein the differential read 
voltage and the differential write voltage are different from 
one another. 

12. The method of claim 9 wherein the individual memory 
cells comprise resistance Switchable material received 
between the crossing word lines and bit lines, the writing 
comprising Switching the resistance of the resistance Switch 
able material between at least two different resistance states 
which statically remains in a programmed resistance State 
until programmed to a different resistance state. 

13. The method of claim 12 wherein the writing comprises 
causing mobile dopants within the resistance Switchable 
material to move laterally toward or away from one of oppos 
ing lateral edges of the resistance Switchable material. 

14. The method of claim 13 wherein the writing moves the 
mobile dopants toward the one lateral edge to form a conduc 
tive channel which is localized along the one lateral edge. 

15. The method of claim 14 wherein the writing forms the 
conductive channel to be of constant lateral width between 
the crossing word line and bit line of the memory cell. 

16. The method of claim 15 wherein the writing forms the 
conductive channel to be of constant conductivity per unit 
length of the channel between the crossing bit line and cross 
ing word line of the memory cell. 

17. The method of claim 15 wherein the writing forms the 
conductive channel to be more conductive per unit length of 
the channel more proximate the crossing bit line of the 
memory cell than proximate the crossing word line of the 
memory cell. 

18. The method of claim 14 wherein the writing forms the 
conductive channel to be of variable lateral width between the 
crossing word line and bit line of the memory cell. 

19. The method of claim 18 wherein the writing forms the 
conductive channel to be wider more proximate the crossing 
bit line of the memory cell than proximate the crossing word 
line of the memory cell. 

20. The method of claim 19 wherein the writing forms the 
conductive channel to be of constant conductivity per unit 
length of the channel between the crossing bit line and cross 
ing word line of the memory cell. 

21. The method of claim 19 wherein the writing forms the 
conductive channel to be more conductive per unit length of 
the channel more proximate the crossing bit line of the 
memory cell than proximate the crossing word line of the 
memory cell. 

22. The method of claim 18 wherein the writing forms the 
lateral width of the conductive channel to taper. 

23. The method of claim 13 wherein, 
the resistance Switchable material comprises a conductive 

channel of the mobile dopants which is localized along 
the one lateral edge; and 
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the writing moves the mobile dopants away from the one 
lateral edge to remove the conductive channel. 

24. The method of claim 9 wherein the writing is simulta 
neously to multiple memory cells received between said pair 
of immediately adjacent bit lines. 

25. The method of claim 9 further comprising during the 
Writing, applying a voltage to at least some other word lines 
other than the crossing word line of the memory cell and that 
is different from any Voltage that is applied to the crossing 
word line. 

26. The method of claim 25 wherein the applying of the 
Voltage to at least some other word lines results in an electric 
field component directionally different from an electric field 
component resulting from applying of the differential write 
Voltage. 

27. The method of claim 25 wherein the applying of the 
Voltage to at least some other word lines prevents other 
memory cells associated with the other word lines from being 
written to by the differential write voltage. 

28. A method of writing to cross point memory cells of an 
array of cross point memory cells comprising a plurality of 
word lines and a plurality of bit lines crossing the plurality of 
word lines, individual of the cross point memory cells com 
prising a different one of the crossings of the plurality of word 
lines and the plurality of bit lines relative to one another, the 2 
method comprising: 

writing to a memory cell by applying a differential write 
Voltage between the two immediately adjacent bit lines 
which are on opposing lateral sides of said memory cell. 

29. The method of claim 28 comprising simultaneously 
writing to multiple memory cells received between said two 
immediately adjacent bit lines. 

30. A memory cell comprising: 
first and second opposing electrodes having resistance 

Switchable material received there-between, the resis 
tance switchable material being capable of being repeat 
edly programmed to at least two different resistance 
states, the resistance switchable material in a lowest 
resistance state comprising a conductive channel local 
ized along only one of two laterally opposing edges of 
the resistance switchable material and extending toward 
and away from the first and second electrodes. 

31. A non-volatile memory array comprising: 
a plurality of word lines: 
a plurality of bit lines crossing the plurality of word lines: 
and 

a plurality of memory cells individually corresponding to a 
different one of the crossings of the plurality of word 
lines and the plurality of bit lines relative to one another, 
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the memory cells individually comprising resistance 
Switchable material received between the word lines and 
the bit lines where such cross and which is capable of 
being repeatedly programmed to at least two different 
resistance states, the resistance switchable material of at 
least one of the memory cells comprising a conductive 
channel localized along only one of two laterally oppos 
ing edges of said at least one memory cell and extending 
toward and away from the crossing word line and bit 
line. 

32. The memory cell of claim 30 wherein the conductive 
channel contacts at least one of the first and second conduc 
tive electrodes. 

33. The memory cell of claim 32 wherein the conductive 
channel contacts each of the first and second conductive elec 
trodes. 

34. The memory cell of claim 30 wherein the resistance 
Switchable material has a minimum elevational thickness that 
is at least twice as great as its minimum lateral width. 

35. The memory cell of claim 30 wherein the conductive 
channel is of constant lateral width. 

36. The memory cell of claim 35 wherein the conductive 
channel has constant conductivity per unit length of the chan 
nel between the first and second electrodes. 

37. The memory cell of claim 35 wherein the conductive 
channel has greater conductivity per unit length of the chan 
nel more proximate one of the first and second electrodes than 
proximate the other of the first and second electrodes. 

38. The memory cell of claim 30 wherein the conductive 
channel is of variable lateral width. 

39. The memory cell of claim 38 wherein the conductive 
channel has constant conductivity per unit length of the chan 
nel between the first and second electrodes. 

40. The memory cell of claim 38 wherein the conductive 
channel has greater conductivity per unit length of the chan 
nel more proximate one of the first and second electrodes than 
proximate the other of the first and second electrodes. 

41. The memory cell of claim 38 wherein the conductive 
channel is narrower and more conductive proximate one of 
the electrodes than it is proximate the other electrode. 

42. The memory cell of claim 30 comprising a cross point 
memory cell, one of the opposing electrodes comprising a 
word line extending in a first direction, the other of the oppos 
ing electrodes comprising a bit line extending in a second 
direction different from the first direction. 

43. The memory cell of claim 42 wherein the conductive 
channel is wider more proximate the bit line than proximate 
the word line. 
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